Introduction
Prostate cancer is the most common malignancy in men in the Western population. [1] [2] [3] After initial response to androgen deprivation therapy, the disease will eventually progress into metastatic castration-resistant prostate cancer (mCRPC); a clinical state in which the androgen receptor axis is reactivated, despite testosterone suppression. Treatment options of patients with mCRPC currently consist of docetaxel, cabazitaxel, radium-223, and antihormonal treatment with enzalutamide or abiraterone acetate. 4 Enzalutamide inhibits the androgen signaling pathway by androgen receptor blockage. 5, 6 After gastrointestinal uptake, enzalutamide is converted to the active metabolite N-desmethyl enzalutamide by cytochrome P450 2C8/3A4 and to the inactive metabolite enzalutamide carboxylic acid by carboxylesterase 1.
5
The potency of N-desmethyl enzalutamide is similar to that of enzalutamide itself. Median steady-state trough plasma concentrations of enzalutamide, N-desmethyl enzalutamide, and enzalutamide carboxylic acid are 11.4 AE 3.0 mg/mL, 13.0 AE 3.8 mg/mL, and 8.44 AE 6.8 mg/mL, respectively. We are the first to show that the pharmacokinetics of enzalutamide and the active metabolite N-desmethyl enzalutamide are not affected by hemodialysis in a 79-year-old man with end-stage renal disease. Enzalutamide seems a feasible treatment strategy for patients undergoing hemodialysis. However, further studies will be required to confirm these findings.
N-desmethyl enzalutamide are cleared hepatically, whereas enzalutamide carboxylic acid clearance mainly depends on renal excretion. Furthermore, enzalutamide is highly protein-bound in plasma (> 95%). Therefore, substantial clearance of enzalutamide by hemodialysis is unlikely. There is limited evidence to support therapeutic drug monitoring of enzalutamide. However, in a phase I trial, higher androgen receptor binding has been shown with a median plasma trough concentration of 11.4 mg/mL compared with 5.0 mg/mL. 8 Therefore, a minimum trough concentration of 5.0 mg/mL could be considered as a target for exposure to enzalutamide. 9 No dose adjustments of enzalutamide are needed for patients with mild or moderate renal impairment. However, no recommendations are available for patients with severe renal impairment or end-stage renal disease, because these patients have not been included in the registration studies. 5 Two case reports have been published describing the safe use of enzalutamide in this vulnerable patient population, focusing solely on the safety of enzalutamide a At baseline, testosterone was determined with an immunoassay (limit of quantification being 0.5 ng/mL), whereas at later time points, testosterone was quantified using liquid-chromatography mass spectrometry (limit of quantification being 0.01 ng/mL). Enzalutamide Plasma Concentrations During Hemodialysis treatment without pharmacokinetic assessment. 10, 11 We present a case of enzalutamide treatment in a patient with end-stage renal disease undergoing hemodialysis, including plasma levels of enzalutamide, the active metabolite N-desmethyl enzalutamide, and the inactive metabolite enzalutamide carboxylic acid.
Figure 1 Plasma Concentrations of Enzalutamide and Its

Case Report
A 79-year-old male presented with a history of mCRPC and endstage renal disease secondary to chronic post-renal obstruction, for which he started hemodialysis 6 months earlier. Hemodialysis was performed only 2 times per week during 3 hours (Kt/V 1.1 per session) as he had some residual kidney function (creatinine clearance, 5 mL/min).
This patient was initially diagnosed with a cT1cNxM0 prostate carcinoma in 2002, with a Gleason score of 4 þ 4, and treated with external beam radiotherapy to the prostate. In 2015, multiple metastases in the bones and lymph nodes were found, after which systemic treatment with cyproterone acetate was started. In 2017, prostate-specific antigen (PSA) progression was seen, and triptorelin was added to the treatment. After 8 months, progression of the bone metastases was observed and enzalutamide treatment was initiated. Treatment was started at the regular dose of 160 mg once daily (QD). Three weeks after the start of treatment, enzalutamide was temporarily withheld owing to skeletal pain, anorexia, and dysgeusia. A few days later, enzalutamide was resumed after a dose reduction to 80 mg QD, which was well-tolerated. After 2 months, further treatment with enzalutamide was ceased owing to PSA progression. Patient characteristics at baseline and during treatment are given in Table 1 . Concomitant medication during treatment consisted of alfuzosin (10 mg QD), alfacalcidol (0.25 mg QD), omeprazole (20 mg QD), sodium carbonate (500 mg QD), and triptorelin (11.25 mg once every 3 months).
During treatment, plasma concentrations of enzalutamide, N-desmethyl enzalutamide, and enzalutamide carboxylic acid were measured using a validated liquid chromatography with tandem mass spectrometry assay as part of routine clinical care. 12 Minimum plasma concentrations were not calculated for enzalutamide and its metabolites regarding the long elimination half-lives (w6 days). Table 1 shows the plasma concentrations of enzalutamide and both metabolites after 2, 4, and 8 weeks of treatment. Figure 1 visualizes concentrations, PSA levels, and the corresponding enzalutamide dosages.
Discussion
In mCRPC, anti-hormonal therapy is an important treatment modality. Enzalutamide was granted market access in 2011. 5 However, no data existed for plasma concentrations of enzalutamide and both major metabolites in patients with end-stage renal disease undergoing chronic hemodialysis, which we described in this case report.
Overall, treatment with 160 mg of enzalutamide QD was not well-tolerated by the patient. Therefore, the daily dose was reduced to 80 mg QD. In similar case reports, no significant toxicities were observed. 10, 11 Plasma levels were measured at 2 weeks, 1 month, and 2 months after the start of treatment. Although the first sample was taken while plasma concentrations were not yet at steady-state, the enzalutamide concentration was above the suggested target of 5.0 mg/mL. Thus far, no data on steady-state concentrations after administration of an 80-mg dose have been reported in previous studies. However, the phase I dose-escalation study showed linear pharmacokinetics over the studied dose range (30-600 mg). 8 Taking this data into account, estimated plasma concentrations would be one-half of those observed after administration of an 160 mg dose:
5.7 mg/mL, 6.5 mg/mL, and 4.22 mg/mL for enzalutamide, N-desmethyl enzalutamide, and enzalutamide carboxylic acid, respectively. Enzalutamide and N-desmethyl enzalutamide concentrations after 4 and 8 weeks of therapy are in line with the average values in patients with adequate renal function, considering the 80 mg dose. However, plasma levels of the enzalutamide carboxylic acid metabolite rise far above reported concentrations (34.0 and 36.4 mg/mL vs. 4.22 mg/mL). This can be attributed to the fact that carboxylic acid enzalutamide is excreted renally, whereas enzalutamide and N-desmethyl enzalutamide are not detected in urine. 5, 6 Although enzalutamide carboxylic acid is considered inactive at a median concentration of 8.44 mg/mL (160 mg QD), a safety profile of accumulation up to 36.4 mg/mL owing to renal failure has not been evaluated. Therefore, this clinical significance of higher enzalutamide carboxylic acid plasma concentrations is unknown. Although we did not measure enzalutamide levels in the dialysate, our results indicate that hemodialysis does not affect the pharmacokinetics of enzalutamide and its active metabolite, whereas plasma concentrations of the inactive metabolite are increased.
Conclusion
In this case report, we present a patient with mCRPC undergoing hemodialysis. Plasma levels of enzalutamide and the active metabolite N-desmethyl enzalutamide were similar to those observed in patients with an adequate renal function, taking into account the 80 mg dose QD, whereas plasma concentrations of the inactive metabolite enzalutamide carboxylic acid were increased up to 8-fold. As the pharmacokinetics of enzalutamide and the active metabolite N-desmethyl enzalutamide are rarely affected by hemodialysis, enzalutamide seems to be a feasible treatment strategy for patients with end-stage renal disease undergoing hemodialysis. However, further studies will be required to confirm these findings.
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